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Pvpoae ef ta• ltudy 
Tae J)U.l'P9•• oi du• study wae to det..u•miu ta• ••rvtce Ute of u 
uUvat.ecl carlMn fill•r whea v.1ui'd to 1temove duoria• from a amaU waior 
•J•t~m that 1• operated latermitteatly The ael'vle• life of the fUl@r is 
the .,_r.Uoa lime .-~qult'o to l'ii&Cll a 1iv,.n maximum chloriae) cac-•-
tratioa la the filter •Ulaeat. 
Baek1ro1Ulf! 
·fh• difficw.U•• ol ••eurla1 u ••~ttuate uml•r1round WI.tel" supply 
have led maay farmer• 1a ta• Middle We•t to co1uitr'1Ci emall farm 
po••• Varma au Jlamnaaa (l) have auwa that a •u,er ohloriaation• 
decW.ol"iaatiea •Y•tem will reeder UI••• powl water• 11af11: for ctomeatic 
pvpcu,*•· Superchlorina.tian-dechlarin&Uon can•i•t• fd malawaiq a 
reladvely Mp chl.orilut coac~atrad.oa in a watiu.- etoraao tank au re .. 
moviDc the ex.c••• chlorine a.fore ualq the wa-.,.. Varma &ad Dawna.an 
recommoatJ.ed a minimfflD chlorbie coa~Hto&irau. of i. 0 ma/ 1. 
ltqw.pm4lllt tor ••• a ,nap~rcWorlnadoa-decWoriaaUoa ayetem ia 
a•ailaW• •---••eially aa4 1a Mia, u•ed on pond watel' euppli••• One 
prooe111 involve• the &ddltioa of a eobaUoa ol aodium h:ypoeluorb• to th• 
watel' to obtain the deadr• chlorlae rest.daal 111 tlua stol'&I• Saak. Wua 
dieim:ectioa la complete. ill• exc••• chlorine h 1emevod ll>y pasaiq the 
wat.r lbl"oqll an a.cti:vatecl caa-lKta tilter. Jniol"mati.oa on the amount of 
chloriu tut can N romov-4 Wider lh• iatel'miit.eat opel'atiaa eead!Una 
& 
..... .u,., - ............. , •••• ,. lacld .. . 
••-'•~De•~ 
A olillol'iM coac•..,.Uoa el I .. • -all 1m,...,. a cliatiact taate aa,1 
CM\or t4t tile wat.e•. V...,. ao•m&l c...Utlou lld• wat•r woutct 1M co•• 
dde.-ed \UMM•l•ahl• fo• lt\Ull&ll caema~-. Tile , .. ••• .t ..aeat.n.Wl• 
tty ,.,.... oa ••h ...._. •• -._,.ntv• a.ad ,a of ,11. wat.er. aad, dle 
pl'••--• of •••auou ma•l'ia.u ..Well at,a.t .._Mae wia dle c111 .... --y· ........... , ....... &ad .... . 
......... llltt ......... ..., .... w •• , ....... u .. o1aa. ....... 
latelMl•tS I.or l\u.maa •~ eitMI" fo• ceoidas •r fol' flt111klq, la 
acMorlaaled. l>••lll••••U.. i• u•••ll...._ lJJ ,-..auac llle wate• 
....... a lay•• of acU.-.. cal'boa. TIM .W.riae le u .. rlted n the 
eul'IMe ol dae CUNII ,utlcl•• ..a W&kl' wt• ffS'J little 01' • cllle..._. 
l'e.wual i• obtaiud. WMle Ille Nm.oftl ol. .Wertae mtpt 1M cwWel'e4 
Ille pl'liaUJ fwacUoa of•• actlvale4 carltea, OIMI' ........ w. lMte• ............ , ............... . 
Hlat~H'Y 
Acd.vaw4 cal'boa lla• t.eoa 4efl:afll la tile Coad••••d Cllemical 
Dicti9u.ry (I) •• fellowei 
'.AstivatfUl Claar~ (Active Cal'ba)-A more 01' loea pure 
carttoa characlel'l .. d tty a M.p Mlaorptt•• capacity for fo••dp 
molecnd••• Thia adao..,Uw pow•r 1• 4ue partly to t.lle cum-
ical aatue of 0.. •••ltoa atom wtdl li• att...,.n\ fr•• valeacea 
aad partly t.o UM capillar, •ttv.ctue ol dle cu.reoal which 
pl'eaenta U eMl"ffl0\18 adeel'ltia& auriace. , • • '' 
The -.ae ei dl&rco&l ia water ll'e&tm•at 1• ut aew. It• M•tery 
•• kea uaced b&dt almen •• Otl yea.re at which Um• tile Oun• 
SaapUa hdtruttul: "ll I• load to uep wate• ta C.GPJNI' •••••b• to 
•JCPO•• 1# h> auaUpt. .... filter twoup 4h&rc.al'' (l). 
Thel'e le a 1••at dift•l'eace ••••••• tlMt atorem•atio»AMi dlarc.eal 
u4 dM activaJ•d ca.rboaa availaale today., HoweYel', tee rea•oa• fo~ 
••ial etUMr are tae ••••• 
la l&lU, tweaty-two wanr plam11 la lM Uaf.tN Stat•• wer• u•taa 
~llarco&l tU&eJ'a for •••aad-odol' comrol.(4). Tile uUvaMHI fol'm of 
••••• wa• fia-•• maaufaetat-ed ia tile VaU..S ltalOa '1,y the Jncl1aalrlal 
Chemical Company in 191.1. However,, ii waa not Glltll the Last.el928'e 
aat it ••• ueed fo• watew croatm_.. Widw& twttatf J•••• aJte,.r U• in• 
ll'ttd:aetioa, uti:valed cal'boa ••• IMtDj u••• la mo•• thaa a dlo•••ad 
water plant• ia tld• collldl'J'. CarNa aad acUvatea cuboa have ••• 
us4td ia Oermaay for d•clllol'iB&Uoa eiace 1909 Cl). 
Maallfactu.re Uld U ••• 
TM {luali"ty -1 u uUvateci carbon 1• ape114eat \l!Mll die raw m&• 
teri&l and. die acUvaUaa pa-oe••• ued.. Vario•• nw ~dal• u.ve 
t:Htea ;aaed.. tha•• 1aa•d meet e.-uivelJ ••• wod, weed pulp •••id••• 
peat, Upto, .and sllolb el. a.a• auh •• almoad aad coeOUP.lt. Odlar 
material• u.& have beea ••u iaelwie Wood, boM•, flab, ,-trele•m 
•lVAlae, &ad r•ller wa•te. Tu pl'im&l'f atep ta the NUY&tla& pl'oc••• 
i.avolv•• lw•lina tllc m&Rl'lal co .. .,. ..... , ..... la ......... ., ,oo·c to 
900•c.. 'Ih• aetivattaa Pl'••••• ia lm,prc.•N U a met&llic: ealt:. such a• 
al.u cW.ol'icle er ealclGm cW.orW•, l• mi:ud. wlth Ille m.alel'l.al bet.re 
•••dal• or i1 the mat•rial 1• eapoae4 to u oxicllaiaa 1•• •••la, the 
lleaUa, JHtoe•••• 
The r•aultaat pl'duct poa •••••• a lu&h MiHl'Jt'loa u.pael.:ty aad 
baa a.e•• u•<a!d avccu•••..Ur ia ia4eaula1 proc.•••••· Ha••l•r (6) •••· 
crlbes di••• p.-oe•••••• •••• of wht.•ll ••• •• ,_.wcatloa o.f .,,..._., 
aacl •Y•"P•• the pudfl-.aton ot fate aa4 oil•• tlle proc~uu11a& ol mi.11-
ceU...oas food prod•••• tile pr-o4uti•• of aleohollc hev•r•s••• the 
,...UicaUon of ail', tlle r•eovery of •elveata, aD4 the tJ-eatmeat of •••~ 
•lAPPll••· Acdvawci canon• nave been clt-vt4e4 ildO thl"ee k•ic 1rovp• a.a 
fellow•: 0 pl adao:rllat.e, l) llieeolol'laln1 aM tleodo•bhla GarNU, 
.act l) melal adaor••••CT) .. It 1• v.aually Dot poealWe to d•v•lop a car• 
t:,o wta mo:,e thaa ou al die above•m•nUoud pl'ct..:•111••· 
Previou.• Javeauptlou 
A h:ypolhetleal ••l•naUoa of th• •fleet of •qc>•e4 •urlace la H• 
••J'Pdoa baa been attemplff by i..a.,muir (1). Aaewnlaa an &4•ol"Dd 
lay•r of oae•tftOl•ew.• d•pd,, Laqmuir •• •••••••4 UMt rate of ad• 
110•,Uon as proportional to the fracUoa of t)l(t •••lace area of adao.-beld 
not covere4 &ad the cou.eatratioa of dle ad•orNM. Tll.• maaimwn cauaa• 
tity of adaorltM maierW ta ••ached wua the auriac• of tb• ua•r•••t 
la aatQrate4 wltll a4aot'Mltt. 
Problem• al'i•• wheo. oafj &Ueriip•• to apply I.he Lanamuir th•ol'J 
to a p,utt~al altMCiu. ula, a<:ti•alff cu-.. The fb:et. proWem b t• 
deu.a-~ ill• au.rac• uea avallal>le la a 1:lvea fluaatlty of Che Miaorbeat. 
Tbe •••oad •••W•m. ulna f.-om Ila• aa11U11ptioa lty Laaamu.l• that dlfJ 
uaubed tar•• 1• one --1ecvle dMJ. The extem. to whlch a«clitioaal 
lay••• of adsol'bat• W..W acc:umulah ie ut kaeWll. The ftrst lay•• of 
acbOl'bal• .may be able to a.Un.ct • ncoad la.ye• which in tv.ra may al• 
ll'MI a tW1'41 layer and .. oa. Therefore, U. was not peealble to make 
uee of Laaam:uir 'a theo.,. ia thia aCllcly. 
T1t.e J"reWldUeh ..-Uoa b ua empirical fcal'mublUoa of U..e la.:-
tof'• iavolve4 ia the acu.& of ad11ol'ptloa Ct). TM -autioa 1• 
Cl) 
••u•atraUoa rem&iaiaa . ...-dffrtled wllea ect.Ultdtam 1• reached.. and 
k aa4 a are coutaat• ••••m&a•d li>y experimeal au 4epead1q oa ••• 
ua1,. ~---· 
6 
Thia •fl...U•a ia ba•ecl oa allowinl a\dftcleal contact Um• lo• 
eqwlll,l'iv.m to oecnll' b•cweea a. MIMrkal aa4 llt.«t Ml•o•bale. Tile 
Fr•..Wd\ ett•U. i• aot readily a,pUe4 lo Ihle 4echloru.Ua nuy 
1teq119e of th• •ke:rt cOldact lint•• hwol•-• 
la 1929. Piek Cit "'°rtu "'- l'••ul'- •f Ma study oa die d•c'Wo• 
ri...uoa ef 41'takia, water ay activa.tM •una. He ,tuiecl die efteett of. 
.filter depth. a, rate of Aew of. ohloriaatecl water per wd.& ar•a of fUtor. 
v, &M cblo•lae c.onc..Ua&kffl. ia Ille filter lall•••• Ga• oa the perce.a-
aa• of chlorta• r•movec •J the filter., Tb• teat• ehowed. tlwl.l at a atv•a 
v aa4 4 ._ pe•c•a1&1• el d&lariM removed wa• .... .,.... .. , of dH 1ai'1al 
dlleriae couatl'..Uea. Tia• 4ata •••• f•a-m\datfl'I •• 
C 
·1.1 -; • w ca) 
4epe...Uq oa me ..-lily .C •• acltYalN earaoa aatl .a ••• uatt• ••ed. 
aact Ca ... 41 are •• deflaed above .. 
Piek ai.o oll••rv• dial •••h•• 11le velocity of liUl'atiea ••• c.._.ed 
lay &OWie ft.CtGI', died ... of filt••• to m.tJataJ.a tke aame JMH'C4Hl•I• of 
ddoda• red:c,.cUea. ••• chaqed IIJ Uae ••--.r• l"Nt of that •am• taeSOI'. 
TM, ii'dol'Rli&Uon, ltft•lll•r wltll E••Uea l, waa ••-' Jty Pi.ck to deri•• 
aa ......... 1oa for tiled-,. of filler aucietl w Ii" a 4.eai,-ecl reduclhm 
of cblorlM coacea&ralloa. TM• deptl'I. ~• wa• pvu. •• 
•a y;-- c. 
411 • d. HI WI,:- C.J) 
wl'l••• .a1 t• lh4' •••• of ftl&e• nee4ed to .,_._. the cbl.odu ceacea&ra• 
u.. lo oa.e-uU Ua iaitlal •al•• wlnta filler 1• op•••t• at a r•'- of 
1 
•• &die e..Um•tel' of water pel' act\lUe ceallm••r et rua.r uea. Tu 
odtu ••••• ••• •• 4.0aed. aboY•. 
A lo•• of •fl•fll••••• of Che &cUQted carbon to remeve chloriu 
wae -•••v.a. IJy Pica at val'iou towaa la 0.•maar., TIie ,-r c•at of 
elllol'iao ••meftd waa ••••"ed. to 4ctcr•.,•• f••• 85 per- ceat to 41 p.r 
cent ov•• a perioct oi 1 to JI clay•. ._,... ... oa tl!l1t activated carooa 
•Md• fte l'&te of dffnaae wa• lrl'aplut a.ad • deuat .wa• clu to lh• 
va•t•• ,-1st, of Ole waler kln& fiecWos>blat.ed. 
No deer•••• ia 4Mlalol'hlaliaf capacltJ waa oll••r•H on a ••••aty• 
two "-• te•t wifll acUYMe4 ca•IMa at tile Ea,._..., ll•••anll aad D•v•l .. 
opmeat LaN•&tt>l'y (JtltDL) (10). Howe•••• la ih••• tests dull rate oi 
flow ol cW..daale4 ••--• tlu-o•P the ftltera clecre&••• •••~ tu 
A ai.U.r reporl &em die &JU>L (11) ~•••r-4 Uae J>eeta1t• of a 
••ri•• of •-,.rim••• to dote.-mta• Ille effect. • ,a. ehlorhle eoa:en-• 
v&doa .,.UM, a.ad. c._,•• of filU&Uoa raw• oa the clechloriaatioa of 
water witk udvate4 cNlk)a.. It waa a-epon64 Qiu oi U.. factors alwti.ed., 
._ nae ol fUU"&Uu 1aat tu mo•t ,......,. • .._ effect ea dl• eapacUy of a 
pna •-..ail'Y of cawl,oa,. lle-wev••• die r-,on cOlldlr&ae•, "b la N• 
Ue•ed. lllat die tlecblQll'laatiaa GapNlty el ur .-rboa 1• more a fuactioa 
el the total <tv.aullf of ._._ bl Ille ftlMi- &Ma Ue Wtel' area H.. Pow-
4•:red acitivaMtl CU"iaoa I&" "''-• --••••• dula ll'aaular euNa. 
A fvthe.r coad••• wa1 dlat •• "'- ellloriae ceaceldl'&U. la U.e 
,, 
nae ...................... to laU .... , • rauimwn ...... .., °' cblo• 
... .......,.,.., ... ..,..., • .,..._ ... ouYl!Htr••.W .. TIil,...._. 
IMm to be M val'laace wl&lt. &Ile eeaclulNa of Piu, INI MN lbe GIile• 
....... ......_ •• _.....,.,... .. _,_,J1wldlePi••••...U•• 
•••• Umh• to cWorlae .... ......_ of 11 •1/l la-. -..U- ---•• 
TIier• ••• beea .... .._, ••.,.n• ewe..., the .-..u•-•• 
of ...................... te .......... ..a. ..... 111 --..-i 
wu..- •..,,U.•• TMM ...-•t• MY• 4.eal& .... ._ •••nll pl'eWem ol 
-.... ...... .._•eoall'ol ... u••-•n&•..,...., ... ....,.,_. .. 
....... .._.ffl. TM •xperimaat• ._ lly Plek ... by aaDL .. .. 
.... ., ............................................ w. 
................ &he ••• 
CompQl••T••u 
Th• material .... la 11M .._llllo,.t•t&oa .... ,. .... , • ._ ••••atially 
., ........ lack. ... ..Uftt.e4 ............. lftJ .......... ... 
P1l1p.,.. P..- Co. fNIIII ,._. ,-Ip. To till• buic .,.terial, 6e .... 
...... ,. e1 ._ ftlter ••• s •• .,.. •• a..c., ..._ .... ao aw 
Ill._...., • ., meclaaat..& fuclh•laa •' ._ alt. n. ult l• --••t.W 
ia tile ....................... ualJll,cal ......... . 
"ftlea,a la • ••·N tee& -.,. wllicll .,_ ,..utr of aa act&-..... .._.. 
-... ... '- ,..__...._._ A ••--•Illa.,....,.,_ ... ........, r..Uy 
may lNt .. ..._...ta•..._.,..., • ..,..., _.rial. Two _,.ltw w1dcA 
...._.._ • ,s ........... ..._ wta •ladw •••vi.Uc, may pve 4laatmHu ar•• ................................. 
-
Wiall the•• taeta la miacl, a nmkr el cllffeJ'fNlt to•t• w••• rva la 
aa a&tempt w deecriN dae filter mate:dal uaed.. TM •••'- wore raa •• 
a amt>er of ac.liva-.d. _.ltoaa to ••• a C8Pl.PU1••• of tJMt eharacieri•• 
tics GI. tile filktr ma"tel'ial •••d ia the aenlc••Um• •••*• &M otker acU• 
vue4 carl>ona di.at may be avaU.aW.e for water ........ _ 
The te•t• rua iadlMl• .-r coat moi•tu,e, apparem deuUy, U..-
M••• plteaol adeerptiea aDd 1•• uaorptloa. All teat•, except 1•• •-
aorptioa. were perform• ia aecordaaee wt.Ill ataadaftl apecUicauou u 
••perte4 la the Jouraal Am.ericaa W&tel' ,~o.-u .Aaaeciatin (11). Tu 
1•• ad•o.,.Uoa teat waa 4evi•e4 lo• du• •'hl.4J ia tile hope• of l\ll'ih•• ••• 
fblia& U.. flU.lity of actlvat.fll u.rbea 11u1ed., A el'id dee4ldpli•a of 
uch hast felle••• 
..... tile .... een& mol•tu•• ... ,, a ·••Jl• ., tile CUNA .... &CCVI'• 
e.tely welped u r•c•l...,_, uied lo• at 1 ... , £.a JMMurs la aa ••• at 
1'9• c. c.oolM la a ••••lcMe•, a.ad rewnalaet:l. 
Fo• a. appar•m-4ttulty te••• a ll•t••• u.mpk of ••ch carbon 
wa• weipecl •• received: and ir...,,fer1'•4 to a lOl•ml aradual.c& eyu. ... 
or. Tile -.e of die CJ'llml•r wu U..a tappe4 oa • _._..., ,ad: Wld1 M 
••t..U., of d\e carboa c..W be •••r•ecl. Th• appareld •-•'Y waa ••• 
P41"S.d ae the weipt ia peu.d• of oae cnlbic foot ef &Ile cultoa la air. 
Sampl•• which hacl •••• dl'lecl ., 14o•c wen USM , •• d\e a... •••• 
teet. The wet-eer.iuu1 -~ wa• tlMtta u•• to ••••l'miae tile ,..,hid .. 
.. ,. of ....... retaiaed .. l 00•ffl4Hl1' aacl 100-me.Jl ......... no-,11 
rec•mmeaaed la tll• •pecWeau.ou. a Jlt•m•n •c••ea wa• •t avail• 
able. la •• wet•••r••• method tllfJ CU'lloa aample a8' dae ••••-- wer• 
10 
.,. ._.oup1,. A •mall •tr.._ et --.ee• wu •• to waa dle tlaer 
.,..,.,...uu•• • ....,. •• ........ Tu..._ .. ,,. • ..,.._. 
•Nil •cMea wu 4rie4 aad weilJ,... Fiae .. •• wu tkea npolted M tl• 
,-N1ata1• Gt ·die •••• pa•llaa eaoh eel'•.._ 
11M pa•ael-a4lff-- &.-•t •••1•ted of ...... val"JUl,I 41tMDCitlea 
.i tlae adivale4 CUHll to a •eai•• of ---,le• Gf ..... ,.. Hl.Uou...,.. 
laW .. a....,_ cw..W.Uea el pla•aol (C6R1oat.. The re•llltaat ml•• 
tve waa o. . •U••d m.ecllaat.U.y I•••• laov. TM ClP'.._ wu ••• 
morid: tty ft.luau.a bl a p..,.rlJ pnpu.t .._ ... ., flaa11Al. 0..-
...,., ••• uuut•• N••al•r "11:M• wer• •• .... ,.. f•om ._ '"'-•-
••mpi6• Mcl u.e .. ...., colol'lmeulc aa.u-...r ..iut1M• •••• ...... 
TIie •-- deTelepecl la_. N••••• l1al)e wu c...-,Jt.t. wldl the •taad.• 
............ '-'- ............ , .... 1 ........ .,. ....... ..... 
la J'lPI'• 1. IM lelal • ef ,-..a, .Nmov-4 ,.., all w-1pa .i canoa. 
£-, WM p&.u.d aplul .. per ..- ol ••ipaal ....... ••mat••• TM 
plw~l -v..,uo ••• _...... 1tJ cllvi .... tlt.e ,-.- oeal el plwul a-emo•d Irr 
dle,-a-c..aefpJMtau,1 .... •• .. •..t&welptotcu.._wlaa. .,.,.., 
aid of plMtapl ••maim-, l• .. u.1 • a.a... nu. n•.it i• a. tmd.lJ ., 
_,.lta w-a.tred c. ••moYe.alMty ,.., ceat el die p--1. h••• .t 
._ ....._.tou aatu• ofllai• &en. '11« ,._Ml valu we.a 4etenniaN·only 
for ._ 'B••a,,,t.r• chaq• UMl for: ltaadu4 aiau. Ut.e priMlpal .._,. .... 
•• of die Bverpue dtaqe. 
TM P•-Nlaorpd.ea ... , .......... ,. iadica• &be ...... &Dill'J 






































































































































































































































appal'atv• wa• NC up •• '-lica&ed ia Fl&•r-• J. la coaabted ol a pa• 
•-.,IJ cyliafier, 100 ... m1 P• l>uretie, levdiaa .,\ilb, coaceatrat.ecl ao1u• 
tloa of ao41wa •-.lpute, aa acUvate4 car boa c1u,aialaer, a receivtaa t.al-
looa. ........... luaiaa, alaaa --inl• ru.bMI' stopper• aad. pinck clampa. 
Appl'oaimately lOl•ml• of th• ga• wer• Mlmithd to &he aa• DU• 
reU., diaplaelq tM ...alum e11lpll&N •ol-1oa. Tile level of tile •obt-
Uoa ta die lev.Ua, bullt waa chea --4• ••11&1 to di.al el the soluUoa ia 
•• i...elte. TM• ma.4• Iha pr•••u• wldu.a the '"11'ette ecaul to atrno•• 
plaeric P•••eve. "the elevation oi Ille Uqllid ••rfa.c• la the buette ••• 
1tecol'flecl.. Tile levelia, bw.&, waa duu1 ra.l•ecl putUaa a •lipt P1'•••u• 1a 
Ille D\ll'ette. TM •topcock waa U.a Cua.cl MlmJ.niq Che IU tAl'O\llh tM 
actl•ale4 carbon coat&lMr and into tlw receiv1a&-ballooa. The 1•• eo•• 
dawe4 to 4-w for tea mlatde• at wlueh dme th• lifl1WI level waa within 
10 t. 15 ml• ot d\e lop of th bur.tie. 
Al tM. time the leveliaa \udb ••• lowerocl aact the aa• O.wed back 
Olli •f 6- ••c•lvlaa NU.o.a. thr~ the acU•ated cal'lloa, and. ialo Ute 
P• 1tuetl1l. Ap.ia, Mil minutes •••• ueded to allow the U.•ld.4 level 
to retur• to witlua 10 t• 11 mb ot lke bott.m of tlae eueue. 'flu• eatire 
pl"oc••• ••• completea fou tinu•• for eacll teet, for a total of et1ht 
pa•••• of tu p1 lhl-oup ·cu activated cuboa. The level oi the ••l•• 
tiaa la die lev.U., bulb ••• •l•ia mad• 41Hlual to Shat of die eolutloa ia 
•• ltuet&e aad a flu1 "adia1 wa• takea oa th P• buette. The diffel"-
•c• t.hfe•a tbi• r•adlal aad the ol'lpaal re&dl.q wa• reco•ded •• the 
41.uamitf ol c•• a4aork4 1ty the aotivate4 earaoa.. Two 1a•••, aitr•1•• 










ported•• mWUllera oi aa• Mllh>l'bd per a,am of &cllvate4 C.&J'MD uae« .. 
The 1•• adaorpuoa teat wa• tried ftrat oa carooa aa.m,plee that had 
beea h•ated at l<10•c. Tlaeee sample• u.orbed a aegliaible qwuiUty of 
1••• l'•••h aample• w••• tllen lle&Nc4 for oae hnl' la Ule laeora$ery 
mdfl• furuee at 600•c. Sample.• tlla• t.-eatod a4eorbed =••••rat.le 
•\laadtie.a ot 1•• after dley had beea cooled to ••~ tempol'ature at abRt 
2,•c. 
The activated e&l'l>oa contal.Aer cout•wd of a pyrox 11&•• cylla• 
der. The detail• of taia comatur are buUcated la r11v• 3. Gae 
••Mn·ed the coataiae• ..,.,.11 tu &1••• toiaa iuerte4 la tit.et •topper. 
Cott,aa dUfuers diffuae4 llle 1a• awl preveatecl lite carbon from beiq 
t,lown out of ta• cosaiaer. 
All teat reaulte an allown la 'fald• 1. A deacriptloa of the differ-
•• activated carbou le pvea below. 
Everpue c!d.ra•• Ille matedal ••-' la &Ile filter unit• studied. la 
primarily compoaod of ltall4ard Black. Mac.,ial• ..Wed to. tile Standard 
JUack to pl'o4'1C• th• Ev•rpure cba1'1• iacl-.e dlalomacecnu1 eara and 
other filler &id.a aacl a --•taac• U.t la eai«I to aicl tla• car._.oa adhere 
to lhe eept,un. St.aad.al'd Black. NtVA Mucha:tt, u.4 C•ltO•N are acti-
vated. carMU producecl by- tu W ••* Vt.raiala Pulp aad Paper C.mpaay 
for ••• ia ta• water tre4llmeat lD.d••t#Y. Tiley ue made from woo4 pulp. 
Tu ........ ,.c11e .. ey Compaay pt"Nuc•• B-C illack from cocoaaui 
ell.Ua.. CXAC wa• a.a e_,.rim•Jll&l car ND .Pl"ot.luce4 .from. a. pelrcleu.m 






















































































































































































































































































































J;.QUJPMENT A.Mt> ANALYTICAL PB.OCEDUllES 
The 5upereW.orlaatioa•1'eeWo•iaatin Syot•m 
TM pilot plant••• 11, Ft1u•• • aad S wa• ••t up 1a tbe labo••• 
ior, co. aim\11.at• a ,~ fielcl iae.tallailoa fol' aupe.-calerlaauoa .. ucldo• 
rlM'ioa ol a emall wahtl' eupfiy. 
P•lneipal eempoMllh of A• lakrater, ia•Wlatloa we.-e •• fol ... 
1. an aeuvaiect earboa pa,efiltef' for tlecWeriaatlaa tho ual••ratty 
tapwalel't 
a. aa opea •upplJ la.»Jt uecl to almulahl a poad water ,n;tpply; 
l. & pump and a pl'eesul'e &aak to aupply wakr vad.er p.reaeure; 
4. aa a\Uomatic chloriutla, device to supply a chlol'ifl• solution 
to tile l'&W water; 
I. a water •to:raa• tank ued lo p:rovW• contact tbue 'b~u.w•ea tlus 
cblulae a.ad th• water; 
6. a fa•c:•t tor ••ulaa a&n1pl•• ot the cblodnat~d water. 
1,. a meiel' to indicat• tile r••• ot flow lhl'oup the ayatenu 
t. u activated eubea precut filtel' (tlle fUtei- to \wt testedl for 
•••kJ.oarlAetlaa the •aier; 
9.. a deric• to pffricle repltltioa of a atvea cycl.a, u.Ued a cycle 
l'epeater, a.ad a aolanoW•operaued. ema.1-etf •al•• io p,ovide in&ermit• 
tent o,-ntloa. 
TIN pnAli•r w•• ••ed.ecl tG l'emov• all l'•ei.4u1 e.hloriu from the 






































































































































































W..._a d•clll•riu"4. tile lUll••r•lly t.ap water flowed tat.. tlae epea •up .. 
ply Umk wMca waa l6 la,. wide, 11' in. loaa, aacl Zl a .. 4••P• 
A eae•Mlf•hol"••pow.r Myer• EJeeto ceatrilq-1 p11mp wa• ••e4 
to .,._p water lido Ille ,.,•••uwe •f•tiun from. the •-,,11 taell. Tlae PW/bP 
operated 1atermltteady oa a pl'••••r• c•••••l •Y•••m •UJ>PlYla& watel' to 
.. f8 ... plbta JW•••u• caa which waa 21 lu. ta diametel" aad l2 in. Mall. 
Tllo ail' preeat.ill'e la tlle tank coat.nlltwl the •••• .. •t.oa of tAe p~p aide• 
mauoally. 'WMB Ike P••••••• ia ._ t.au wa• l'HlilCM te JS pal, the 
p.ap ••• __..., oa aacl operated \m.U.l a p.r•••a• ef 53 p•l was ••••1• 
.,..,. The taak coatal-4 aJto•t 36 gaUeu el water u maximum P•••"' 
aue. M••• ol dle wata wer• coaclacled at a new of 1. t a,m. The ta• 
.......... new .... , .......... 1. 1 om at ma.ximv.m preaaure aad •• 9 
um at ffilalmum pr•••v•. For the 1. I-om teeta, Ille flow varied ••• 
w••• l" l IP• UIIII 1. l IP•• Beuia•a• of ua.4 l••••• ia di.ls •yatem, 
the JU.mp we.a uaaltl• to •Uver a M1h•r rate o1 llew dlaa 1 • l am. 
Aa Everdor c:Moria&k>I' waa uaed to iatrodv.ce chiedu HluUon 
iaternut&ea~y iato the qcd.•n slde of the pump. The 0P4ntla, deu.lla 
of the &verdor ult•••• cle•erilMd by 'Varma uA B.aum:um (1). Oae 
•• el the plastic tube, •how& la Fi1u•1c• 5 and. 6, ••• ia••nN iak> the 
chlorine i>ottl• .&Del the other end wa• c:oaucte4 ta dae ... u .. e1cle of 
tJ:H• pump.. Duiq tile pump GP•••lloa, ret1111.ced pres•u• •• •• euotloa 
aiu ot tile pump ea1Ued Cite chlodu te fiew l.rom die chlol'ia•-•vnly 
MUl• 4:ari•I each Evel'd.o• c.toeiq cycle. Tk• ltverdor aloitlaatal' wa• 
wlred di.-•ctly to the pmap aad aperat•4 oaly when the p,unp w1ua in oper• 
aUoa. Th• Everelor'• two Htch-4 41•k• i-ocated •• a clodr.-timer device 
26 
wWcn ma4e a complete •evol.C.ioa once a m.blute •h•• tlle P1hn-P wa• op ... 
eraUq. A •wlich &I'm •••PP•d iMO eadl aotoh periadically aMI ener-
ata-4 a •ol•noid wMcll JJAed a pluaaer. fie pl...,er waa ue4 to con ... 
trot tke ilow thl"ouah a AO.-t eeeiloa ol 1um r.abbea- o• compeeitioa tuWa1 
ill .... , ... llae. Tae aolnoid. was Uff to .,.. the plaaer tube ........ 
mi, tu flow of chleda• eoluticm. 
Tb.e lenath of die 4o•• waa a4Ju•t•4 by dl•D1ia& the l•aata of tl\e 
aotch 1-twetta the di•c•. Th• loo.a•• tlur aoto, ill• ar•at•r t.he leaath vf 
Um• th• p1W11er wa.• Ulk4. To prev.at Mok fiow of wat.el' thl'f1Hllh the 
ea1•ri .... •upply liu ialo t.b• chlorlae boW• whea tlua pwnp wu aot op• 
eratiq, a cuek valve .,._. loca.td at the peia& wtae,e &ae eW..da• aolu-
Uoa ••t•recl tla• eucUoa •icle of die pump. 
Tu arnowit of cbladae fed was coatroll-4 •lt.ael' by vuyiq the 
lea,th of do•• or by val'flal tlle eueqih et •• cW.oria• aolv.ttoa. WHa 
dur elllorioe coo.eeatraU. ia th• sv.pply 'bo\Ue wu 5,. I per cent (Cloro-1, 
lll• 1..,m of do•ll uaed waa l ... ..,.... Two eull do••• were bljected 
per miaute of pump operation. 
T • md.maia a area&•• W'illdmlty ot chlol'iu ¢oaoeatratioa within 
the •Y•lem, i.l was n.ec•••UJ lo iacr•a•• di• l\tmlhl'" of aoich•• 1a the 
J'Qi&tial disk to lou, le fflCl'4Ulee di• l•aatll of u-tell. &ad to , ... 
ere••• ._ chlorine coMenh'&Uoa 1a tile 11..,ty bettle to a&w.ut O. t.O per 
A lZ.t-1&llon cyu.ll'i«al taak wae uetl •• a r•actioa aa4 dete.Uoa• 
lime to aid ia maiatabd.q a \mlform eWo•la• eoacea.tration ia dt.e 













































































































































































































































































































































1) a cyliadri.eal hi-&•• container; 
Z) aa buet tubti; 
l) the EverpuJ'e ••a•i 
-ll a ftller ••ptu.mi 
IJ aa outlet tuN. 
Tuae compoNats are Wuatra'64 ia ,1.-e 1 .. 
The bra•• coata!Mr wu a sealed Qit eaoepi for o,emaa• for tlH1 
ialet tube aad the outlet tuae. TIie o.U•t•iu. opeaiq waa located at 
the ••ater ol Ule top of. Ille caa. The ialet•tul>• OJMIWII wu locate4 aeu 
dltt pel'lphery of the top td th• cu. TIie outlet of. tu inlet tube waa l•• 
cated oar the ltohom of ••• ca.a. TIie lalet. tube aad. the O\ltlet t\l.be were 
mMl• of plaatic. A• w-.r left Uae ialet tube ll came into contact with 
the i:•••p11r• eharge wlllca lld l>een J,laced at the boit:om of the eoa&aiur .. 
Tile water mlxit,d wU.b dlfl carboa a.ad tu reew.taat •u•p•asioa of cari,on 
in waler waa tlepoaiwcl u ~• aeptlim .. 
The aeptwn ••• a fat.rte ••••tape, folded to provide a lara• av• 
face area bi a amall coalawr. The wa•r ,a•••• U.rolJlk ou of Ule two 
layer• of th• aeptum •-wa in Flpre 1. TIie two laye:r:• were aeparated 
by the laert apacer •bowa abo 1a l'ipl'e 1. The •pacer malataiaed a 
mlal:mum clearance betweea th.• two layers of tile ••ptum a.ad p~u.-mitad 
Ule filt«l'ed water t.o flow tl\rou,ll the chaoul thu e•eated, to tae •ftluem 
tub•. l'he effluent tube we., threaded ao that. 1' could Ile ec••••4 iato the 
top of the filler hou.•taa• 





0.. Alle• ult wu &Ul&ll... 1'Mt llt.,..._la ..... p•.-ri4tMI ....... 
dl•bilnltioa of •• ca•Na *1'1• oa •• • .,._.. The P••coat.elll ••am 
la allowala rlpr••· 
Tw• nplaceable talVWp• weN ••e4 la lbt.• eWy, tile G•I u4 
.,_ c-1. Jtacm cut.Ii• w •••-••r o1 ,., -. ne c ... 1 .......... 
.... 1.1 la. bi&h. l'M c-J CUll'iq•• •••• 1 a. 7 &a. Jalah. 
ft• aepl.\im 1a •&A C-1 ••ul4&• ••• , .. 1 la. 1_, t.y 11. 8 ta,. 
wNe.. Tu, pol"doa of__. •• ,.._ ••••• Ille o\lllet tue wu «tt11Mc&H 
1a the •ept-., w•• aot ..Uabk lo• filuall-.. 'l'W• pYe a aet (~I'_ 
.... of .... 1., 1. 00 .......... 
Two ••Pt.am el••• •••• u.t bl the C• 3 ---Ida••• T!Mt ••,_... 
,, .. wu 10.a 1-. .... ..,. 1,., 1a. •"••a.a_. au, ..... o1. a.,o 
••va•• '"*• A apecial Nptom ll'l&d• for tMa atllCIJ, wa• 5.1 ta. loaa 11,y 
8. I la. .We, &ad bad a_. u.a ef 0 .. It square foot. 
TM ,-.at1ty ol canoa \1Hd la eacll filter ., .. tW'lereat .to• e&ek 
De&••m,_doa el Qlffiae Go•••••doa 
Tue• dlller•at r-•• ol clalonae •----•••• we•• ue4 la*• 
.,.,. It•-- ue••••l'f to ha•• a relallveJy Mall cW.orla• nue.....U.. 
co.,,. .. •••~ bl the~ •-,ply Mtde. A lower dlloriae ......... 
trail• (1.0 m1/1) ••• malata&Md la die •••••u• .,-.-.m. A aCW. low•r 
...... ~Cuptoo • .1-,11) .............. ftltet"ttffl•--· lA1"• 
ontor, •x:perleae• Wt....., 6ac it wu •••11-aW• to ••• • cUUu-.-





Th• #.Oflometrlc -.l&od. Cl .J) wu 111ed to 4eler~ .W.el'iae •••• 
....... &ti..- la tile aapply Nitle. Tlt• lodomeh'1c meilh-4 for cldol'iaa 
tletermiaad.oa could IY.•• bffn ue4' te datermiM U.. coaeeah'aien of 
dlloriae 1a dl• P••••v• •Y•k•• How•••r. tlut l"elatlv•lf J.ar1• •••• 
pl•• .. _._. to aJ.v• ••.-od.ocible renll• made lM• medlod uue•lr•ble 
finr rodM •••*•· Tbel'ofer•• a aaueh and I...omll. lpech'oalc 20 C.l••• 
lmete:r ••• Med for ~iM dMttrmiaaUoa1 at tl\e 5.O•m111 leffl. 
TM colet'lmeter ,,... ca.U'nated at die f90 ... millimicna wave 
l•aalh• The calU,radoa ••• ac•em,Uall-4 •• 4•••ri•ecl helow. Tile 
co&orbneter waa uae«I •• •••••• ---•ity of Ula color deYeloped 
fl'om the a.UUoa of O. 5 ml of •~d •~ •oluU.. tG 11. 0-al 
1ampl•• eoa&aim.a, variou cowmndoa• of chlos-iM .. lampl•• .i W. 
ceaceatratiou were d.tnled tty lbe todometric methotl to determine tbe 
cmlol'but coacentrau..... c.lol' iateuf.d.••• eapre ••-' ill .... m• et pea-
coat tl'&umiltaace, •••• ptou.t aaala•t dllorla• c••••••Uon.a, ••· 
pr••••• ia mW.i1ram• ,.., lit••• a• •how& la Fipl'• t. w Ull tu col .. •• 
im•t~r Um.• calibra&ecl, It••• ,-aalltl• ie 4eiermtu th• cnlodae eaa ... 
cemratioa of a •ample t.y ad.cU.111 os-dtotoJ.Wlae to •• aample an4. mea-
•vla& tu per eeat traumittaace aa blttle&Md •l' th• colo.-imeter. 
TIM calibwadoa «"1'Y• ladJeate• •om• laaecvacJ la •• ob•el'V&• 
Uoaa below cbloriM COIMeall'atioae ot •~ 1. 0 m.1/ 1. The iaaecu•acy 
of Ul• colo11imeter at lo• eoaceakatlea• • .. ••••ci dt.ai a WNl methocl 
N uaed at thl• level. ModUied kolt permauat claloriae •ta.ndarcl• were 
pl'..-red la 50.0-ml N•••l•• iuee Cl$). StaDfllanl• were prepa.-od lo 






































































































el'~li4l•• eol\ltioa to olortae coaceatl'&ti.ou el O. •• O. 01, O .. 11, 
o. t •• •· 10. •· is. o. JO. •· is. o. •o. uc1 o. 11 mall. 
DeiormlMdoa oC Ac&ivated Carllloa Quality 
A• 1tated la t.lut aMUoa oa tlle aeUvat.•4 car•• Illar, die fil•• 
Ullt• ••r• ucloae4 ia a Naled lll'••• ~yliadel'. The carl'.tao clla.•1• -, 
beea placed la lb• c,u_..r at the factol'J. The e-..i quutltf of 01100a 
••o.14 aot 'be d•termtaed wl'11out o•tllJII dace qlladei- opea aad heac• d.ea• 
h'oyi.al U... til~r taail. It was ••••••l'J le e..Sut di• t.at ea Ill• filter 
wt aa4 taea 4ete•mlu ._. 1.aulltJ of cu.r1• ..... 
Wbea a teat wu te,fmiaateci, the wt ••• ••m••• •••• dle •Y•• 
tem. Th• cylia4er ••• ••• opea aad die ••Jm&m i-emned.. The activa'4Ml 
culKta l&J•• ••• scrape4 ol! ill• aepl\ml u.4 plac-' la a weipu.aa V4H•a1. 
~. ecr-,.d ••ptum wu -.. plNed ia a coatalllea- ..a, with -. aid et 
hat watel' aad a bruea, dle l'emabdaa actlY&Ceti carltoa ••• ••mo•ed• 
Wlu• all aipUtcaat •••--• of c&l'ka •••• removoct fnm tile aeptv.m. 
tile -·--....... , ... -- ta tb.e coal&laer ..... ru, .... , oa • do\\01411 
fltlckaetu of Wlaatmaaa •• 12 fUtel' paper. 
TIM earMn reclaba.t • tu filtel' pape• ••• added to die ••••P-
lai• ta •• we1p1-, ••••-'· Tllo "••••1 was placed ov•nlaht in a da'yiq 
ov•n.at lte•c. Tile 41'1e(l carbea.,.. the weipi-, v••••l •••~ weip.cl 
&ad dle ....... , .... .t a. ••llhlaa ···••1 aa4 fu ..... ,... .. were .... 
tracted fJ"om th• total weqi.t to &le•• Ule wel11'& of dle &cttv&ted carl>e 
•••• ill tlt.e ftlter wait. 
.Prellm.blary 8.ua 
Th• Brat phue ol tlle t••Unt pro1•am waa devoted to a loaa•t•rm 
preUmlaary rv.a. Thi• pl'eUmt.aai-y raa w•• «leapecl to determiu Ul• 
.-paW11Uea ol tll• ••••chlortuUoa .. ,Sechl•rhaalioa •Y•t4tm. ltxeepl. to, 
a few 'itl"lef breaktlowa•, Ille system wae operated coatJ.au..-lf f.n three 
week•. ~ma ttu, tlme cenaiD modlficauou •••• made ia •• •Y•• 
tom. Cllaracteri•tlc• ef the filt•r periol"m&ae• wer• al•• aoted. 
Tu Bs-et problem eueww••• ••• bl malilhlil'IUII a coa•taat flow 
rate through the •Y•tem. k was ••i...,Uy plaaau to iDClude a Tl'icleai 
wates meter la the •J•Mm •• a elleo.k •• tl\e total ,..uty ef water 
u-eat..t. A Hal•ey-Taykt• flow repla.tor w&• al• iaclued. 1a maia-
ialft a coutaat flow lhl'•-ah lhe fUar.. It was MOA appanat ·cll&I die 
pump cowd not ieU.v•• aa Mlequ.ate flow wll!l the ftow re1w.ator MA th• 
watcu• metei- included ia Ill• •Y•tem. When die•• two device• ••r• r•-
moved, aa au41ute flow could n m.alatatae4. 
The aecoaa pl'ol>lam ceaeiat.ed of a cluonae coacea-
b'adoa ·of 5. 0 mall &a tlle •r•tem. A cn.at•&M•trr method waa u•ed. A 
aolud.oa of sodium llypeolorlw waa ia••n• ta die chlorine •upply bot• 
de. The syetem ••• di-. eperated ai t. 0 om ..U eampUaa ia4lcated 
that eq,\lilUn-ium wa• acllleved.. TM chloriae coac•m•atiea ia the eupply 
bottle waa iac•eaud U •• chloriae coaen.,.alloa la ttM syetem waa 1••• 
tbaa i. 0 mt/ 1. The re.er•• waa 4oae if die cl\lorilM coaceata-aUoa 1a 
th• •1•tem exceeded I. 0 m1/ 1. 'lbb p•o4eclve waa f!lonUmlaci uUl t'b.e 
•1 
•1•tem uwa t,e J'l\alatala .. at~ deair-4 cldorlM coueauau.a. 
Duriat the eov.rM of th• •••-iueat &e•t•, die eormecU.a ••tw••• 
ta• cdllerlM•••PPlf UM aac1 Ule ••Uoa aide of tu pump kcame loe•• 
••• TIM pump ••cketl al• ime die •r•t.•m •1- wiU. ti. chlol'hla ula• 
tloa. Aa a reault. 1••• cW.oriu ••• ••- aad tile I. t mall waa ut 
m&Udalaff. Th• te•l W '° •• termlutecl. Wlla a uw a,apply line ••• 
taetaUod. au the coaaeetiea rqalr-.t. Ole ayetecn l'H.tlllhe4 •• 6'uiUl>l'i'Gm 
coacentraUea oUler Utaa f. O ma/ 1. Thia tllff•n• coueatn.lioa ••• 
p•obably ciu.e lo the MW •-.pply Uae nviaa a 4Uf•r•at ia•id• diam•t•I' 
U... Ule orlaiMl eupply Uae. Tb c•-aa4•t.ry pncea• pa>MioQ.aly de, .. 
cdbed ••• repeat•4 u.d1 J. O ma/ 1 ot chle•lu cnW 1" m&lal&UMNI la die 
., •... 
Ot!Mu• factcu·1 affffU., the chloriae coacemratioa la the •Y•t•• 
•••• kmp•••••• ud .,_•lae d.emaad of the waser. Dvl'inl &be cfNI'•• 
of the te•ta, U.e tt>znpent11a-e of. -. waler remalMd aeu oO• J'. A.ay 
mukM Yal'i&tioa from Gu.• temperat\il'e wu accompaaie4 by a ch&qe 
lu dle chloriae coue-.atloa. After the sya.C.m llad Me:a idl• for a 
tune, •ucll as ovenipt, lt ••• aec•••••Y to ope.-ak the ey,w.m fer 
a1"Klt ft•• .._... befel'e dle ••~•&tl.l•• .. cnlol'tu ••••eab' .. Uoa would. 
ret'U.l'll to tne deairecl l•nl.a. 
A• atat-4 pNriouly. a eal'boa P••fil'4tr wae •••4 to dedllorinat• 
the lap water ufore U wa• &4mltted late die a11ppl:, iaak. Tile reJ.a ... 
tlviely •mall variatiou l• chloriu ••dlldul aot1MI la die •y-.m. iadicated 
.,._ tllla dtuslllorlaat•d waar 11&4 UWe or ae cW..rtae demand. Ou u-
••pU•a wa• .aoa.d. AfteJ' lut&Wag a &eall alt la lh• pl'etiltel'. t.:J.'us 
eW.wiM coaeeah'atloa la the ayalem ciecreaaed kl 1••• dlaa l. 0 ma/1. 
AtMmpl• lo Mljllel th• eW.oriae eao~atioa by U.. CU.t•&nd•l•y meflMMI 
failed. k wu klieved lllat cart.ea waa pa••laa du'oup d\e pl'efllter 
au •••daa tJae •Y••••• Tlle dJBicdty was ~4 1,y 1utalliq a 
uw &tel' Wilt ia the p•elUter. 
Tlla P••lhnia&r, •• abo ladlcated charae&eriatio• ef &be activated 
ea•IM:Nl ftllel'e to 1M teahNi. At a ftow of l. 0 om .aad. a cW.oJtiu eaacea• 
U-a.Uea of &. 0 m•/l, then wu ample ca•ka ia die li••l"JNII'• chu-1• to 
. ••move all ot di• ehlol'lM bom tlle water. Whea cld.ol"ia• appea.-MI in 
llt.e fll&e.- efilum. th• rate of incl'....,• la th• •ff1uat appeu-4 to ll• 
p•epol'tloaal to tu 1o1aadlm of Ille 4uatity ol watel' treate4. It waa 
Mted, alao, U.t impi-ove4 recluclin of chlorble re•lllted afier tile flow 
lia4 hua iat4U'l"1lpte4. That la, foUowla, a l'e•t JNl'iocl, th• activated 
care.on pve better cbloaiae remov-1 Uaaa he.fore -. reat pedM. 
lal•••'ni&teal Ope•attoa 
Thia et.ciy ••• 1~ to cletermlae tile ••nic• lUe of ca.boa 
tilter• when stl.bject• a. tlae type .i operatiea •xl•daa ia farm watel' ••-
pliea,. To approach Ille eoaditiou uieUq ia IHH •mall water au.ppll••• 
aa late.J'mitleat 'Jpe of oper&Uoa wa• uc••Mrf. Al••• lll• pl'elimia&ry 
teat iatltcate4 tMt ... im,l'oved r••oval ·••ute4 wua Ille flow .... ia-
t,u•mltMat. Thel'elore, ll wae d..S.de4 Co coaclact lll4I flltel' t•••• oa aa 
bdermlUemly epuated •J•tem .. 
Tlw opel'aliq paU.n el. the ue of water fo• domtru11t1c pu-po••• l• 
ex&l'emely •r•atic. 0a ,-riod• var, from a few ••---• to a few min• 
fl 
•••" oa perlo4• may be ,u lona •• .fovr or five lloue. T•••• ceaductecl 
oa euch a.a. erratic flow paltena WctUlti ,tve uitller ,epro4:ucit.le •••ult• 
fol' aimila,- fllt.eJ"a nel' comparaWe •••ult• for 4i••1mUar fUio·ra. A 
repeatiq cycle waa th•nlore utlded la Ute labol'ato.-y •••*• . 
.Dala o• the averaae ratio of Ole 1•-,dl of die off pel'io«l t• tllC) 
laaadl of the oa period are aet availattl•• lt wa• 4eci4ed to••• a cycle 
of operatioa that would ..... , m••• atraia oa the fUte:r in a te•t dlan 
wow..t be exert•d on .fllter in a houMMld.. lt eouhl th•• be aaau.mfll 
tut a filter wut uaed la a noue1-l.4 would atve re•\llb •·•l to er 
b~tt,u.• than a •1mUar mid.I tested ia tile labol'alol'J'• 
The cyel• u.••d ia die laboratory coaai•t.4 of a &. 0-miav.te oa 
period follo'trff by a f.O•mi•u&• oU pel'iod. TM• eyd.e ••• aAe..-ed kt 
ia all but ou o1. the ••nf.c••W• t•1b. 111• flraal teat wa, operaled oa 
a cycle of -t. 0 mima&e• •• and I. 0 fflinte• oil. ·TM final •••• ••• •••• 
4uct.ed to ••• U tli• pattea-a •••• al.tect..-1 •• •••vlce Um• of a filler. 
EUlVM:at Cblorille e& ......... •Uou 
No etaod.ard chlod• eoacentraiion. ha• ken eae&IR1tlle4. DU'· 
1•rent persoa• flad 4Wel'eat C4Nleeat,atiou ot ch!Aaiae obj•cdoaable. 
The o1>JecUoaable eoac...,ation vade• upwaNl from a •••c• of chlo-
rine. Mmiictpal water q.i•m• &I'• 1eura.1ty eperatd to maiataia a 
maatmum chlorine c:oac..,.aUoa of about G,. II mtl l (14>. 
The effluent chlol'bte coa&eatl'aUaa al wldok tile flher woQJ.4 lite 
••placed. by the con•wn•W' 4•pea4• oa &he coaceab-aUOA tbe coaeumer 
coatd,dera '11Ml•eba'ble. llaee th• aU•w"l• dalo•lu eoaceU&"aUoa ia 
•• 
the efflueat vade a a.m.., eouUl'l'lel'a, diffel'eat level• of efllv.eal c•n• 
ceatra.Uoae were coa•W.•• ia tbl• study. Then coaceauati,eu wel'e 
o. 01, o. 10. 0.10, aad 1.10 ma/ l of ohlodae. 
Teat Procedure 
'to prepare the •r•tem for a teat. it wae uceaaary lo operate tile 
eqw.pmeat for a period of Ume Iona •-• to aUow tile water temp•.-a• 
wre a.ad eluoria• eoaecat1tation to come .tQ 041..Wbl'lam. Oea•rally, a. 
P•riod of ou OI' two day• wae req_ltired. 
Whea die desired. cldoriae c~ea&l'atioa wae auaiaed iD th• •1•· 
tem. a fl'eall filter wut wu iutalled la the filter l,.oul-,. Water waa 
admilt-4 io th• filter all at a •low ra-. adl tile filter uait wa• tW.• 
u.d water llewed fa-em •• oadet pipe. The time was aotn and the 
flow waa iacr••••d to l. I um to• 5. O mi,mto•• TM• •••ak•ia llow, 
l'ecommuded by the malPlfaotvel', wa• eoatiauov,a. ne activated 
carlloa waa precoated • tb.e ••ptem chinq the areak•ia proce4uea. 
Aftel' S. 0 mlallle•• die U.w waa rM.ued co the deairecl rate. 1. 0 or l. a 
om, aacl tko 1at.ermttteal cycle waa t.eau. 
Dvina the course of the rua, the chloriM •• .. •• .. •don in th• 
system was m.aJ.atalaed •• close to 5 .. 0 m111 •• PG••ible. T.ae maxi• 
mum va•iaUoa .from 5. 0 m1/t that was tol•••i.ci IMfor• at.eat waa aban-
doned waa o .. J ma/ 1. Tb.M ia, whu the clllodae coaceatt'&Uoa la the 
aystem was great•r Ua.aa t. 3 mg/1 or 1••• dlaa 4.1 malt. the l'lllD waa 
aat acu:e'Jt"d. The•• lid'llt.• were estahllellu becau•• it wa• thouallt 
that moi-• striageat limit• wnlcl kan P•••••a.d the compledoa of aa 
adequate nambei- of te•t•• 
Fresa chlcurme •oltt.U<>n was pl'epar•4 and 1ta-.lai-dlae4 io4omet .. 
ricaUy •• aeed•d to repleru•h tu cWorlu••-,ply bettle dll'~ U.. 
wu. 11ul chlel'ine coaceatratioa f.a the •y•t•m wa, m••••" .,.. tb8 
colo»imeteJ' every fou hours. Tile cMorlae couull'atioa la tl\e filtel' 
efflueat waa m•a•ured by e.ompa•l•• wUh dle Scott Staadan• ac vari-
o,.- time lateyvals d•P...&#aa oa the fUt~u• Mtaa ttUJled Mid tM., •taa• ctf 
the ru. Chlorine meaavemeab wen made moat freqll•atly Mtweu 
the time of app•arance .t cldoriae in th• affl•••• aml Ula u.- wll• the 
efllv.eat eonceatratioa reached ak\lt 1 .. I mtJ 1. 'thereafter, ._ coac••• 
tl"aUou ia tile efflueat tu•eaaed al.owly •• fewel' •••• · ,.." takea. 
'fhe temJHtl'&ture ol tM water aa4. in• pH of the water •••• al•• 
n:uaaeur.S amt recorded. Then que.atlti•• vad•4 only aU.1hUy du..taa 
the test•.. M•a,nu:em.-e of pH w.r• ma.4• t.1 a Beckman pH m•t~r,. 
Th• pH of the water la a11 •••••• of ehloriaatioa aad 4eehloriutioa ••• 
malaed at 7. 1. 
Teat •••\Ill• 
Tb• reewta ol t•••• oa eipt filter unit• were plott•d aa abowa 
la i"tau••• 10 am 11. la th••• f~••• the cot1ceah'aUoa of ehloda 
la th• fUtel' effluent, E, la mall, wae plotted. acalaat the time. T. la 
t.ova, re,w.recl to reach that -:htoJtlu coaceatradoa. T, di• aervlce 
Uf-., iad:uiled only that amout of time duiq wllicoh water itowe4 
t'hroup the fili.r. Th• time ilurlq wldch flow wu iatet'ruptecl ••• 




























































































• ! • V -t • • 









































' ' 1 I 
Area. 
Ml• It. 










1 .. e 





pH of raw wat•• 7. 7 
pH of eWol'iaated water 7. 7 
pH of declu•l'iaated •••• 7. 7 
Ave. water te:nperatv.re &O• :r 
Caz'boa, 
1ram• 








,&l. I I. I .,., ,.1 
7l .. Z 6.1 
UU.1 9.! 
125.0 11. 2 
116 .. 1 ll.G 
65.0 •• , 
T•••• 1 d.lroqh 7. .-epreai!!ialed by .Li••• l dlr0\111' 7 ia Fi1Ql'fl8 l 0 
anct 11, •••• OPflill'&t•4 .a a repeau111 cycle oasl•U81 CM a J. O•miau.te 
•• per!Od foUowe4 1'y a 4. t-minute otf period. Teet a. repl'••~d•d by 
uae I in 111u• 11, wa• OIHtl"&tN ea a l'epeauaa cycle coui,itiq el a 
•• O·miml.l~ oa poriod followed by a l. 0-mt.-. off pedod. 
A ia.~atloa of th• teat coadltlon• 1• 11••• la T..-.1. I. The l'&Uo 
of 1•am• of carbon tG tile l'&H of a.ow in o- 1• pvea ia the aecoa4 col• 
wna from the rian., in Table a. TM• l'&tio ha• lh• \Ulita of are.ma &viau 
tty pllou per mi.au.te, aad la 11ldlcate4 by the le&l•• G. The val•• o,· T 
wlla E Mt-1• O .. 0 ie al•ea ia the la•l col\lmn ia Table l. Tills va.bu,. 
i.a41eatoa. by tae leti~u• A, ia the iaterc.ept obiai.&M 'DJ •~laa d\e 
•••alp.I Uaee in .i'ipr•• .10 aa4 l l . 
Teats 1 au! we.-e coacltactecl • C•.3 ca.-wid&•• it&ch bavta, a ••P• 
11 
hmAl'NNO .. u ..... ,oot. TlaeNMtN.fle•..._,. ........ 1.e 
91D• TIM •mW1• •ed. ia Te•t 1 ....._ ... aa ...UYaM4 ••-- .,_.. .. 
of 11.5 ....... The cuoW1••••4ia Teat l coalaiaM a..,,. .. ot61.J 
paaa. Teat I waa t......,k4 at 13.I ..._.. IMcau• •• blaMUtyto .ala• 
••••..-••Gow. 
Tu&• l Ull 4 --•• .... _., oa C•l eutflda••• •• ••lal a 
..,.._ ..... o11.oo-. .... ,.-. TMO.W•ue ...... •acllL-.1.t••• 
1. I ,._. Th• ca.n•lq• ia T••* s c.-S••• a cllut• .i 66.1 an-• el 
••••.._. cuboa. TIM CU'lrlqe "*" la Ten• c.-a&Mcl a c...,.._ of ,,.1.,... ... 
Teat S wu coaduote4l • a C.J u.fll'Mlp •• a • ._,. •• ol 
1,.6$ ..-.•••••aadac1U1eoJ lU.OpMU. '11N t&Mofllo•deria, 
Teal I wu l.Z IPJlll• 
T•au6aad 7 •• ............... ..,., 1.0.,.. Tile c.-, can• 
1'14&•• ua-4 la tlte•• ,._.. ._. a • .,..._ uea el &.61 .. ..,. fMt. TM 
..,, .. Wp••-'•T·••••--•IIN ...... .,1u.o,-.... ,.......,.. 
ritlp UN in Teet 7 11N a ••••• of 116. T pama. 
T••• a wae ......... •• a C•l .utnCp llaftlll & • .,..._, uea of 
1.N ...... foot &ad aa .. U•akcl CUNA dlUI• Gf 71.t p._.. TM 
............. 1.2..-. 
'f••• odae• &baa lllit .tp& deNl'iN4 .._.. •••• a....« \Mll c..W 
.- 1M ... p1ew MC&u•.ef ..,.r.U.MI .twic.W.a. 
111• atralahi llae wlaldl •••t. ftta tu .... for •acla teal waa t141htW• 
mtae4 by a •ltpt mNl.fl ....... of a. _. ... of 1•_. ........ TM• 

































































































































































































































































































































































































































































































Uaiq dle valwea of A _. Q i.a Tule a, A waa plet'lM aplaet G 
to 4ete1ti11hltt tu l'el.U-.Mp MJweea taeae two ••l'l&lll••• TM• l'elattoo ... 
skip wao plotke hi Jrtsue lZ. ACccol'fl1nt co the modiliN •• .... ol 
l•aat B'l•••• deeeitU>M t.ty Wallis ud l\oNrt• (15). 0 hi 11vea l,f ffle 
......... s.on 
G • 10. 6 A fl., 1 
"i" Q.J. l (·t· •.· ,.1.1& E •• 11., ., (i) 
wherit, 'f le th• ••nice Uf• ia ••••• Q la die ratio ot 1•anu11 of cazboa 
'8 tlow la om, &ad ll i• Ille elllo•iU CODC.Ul'atioa. in Q)l/ 1, ia tile ,u ... 
ter eftluat at the Um• T. 
Fow .aimplt.ilty .... ht be • .. •••••t wUh Ula ••c-.rac, aitaiaable 
1a a .-,., auch a• Un•. S.uaUon . I' ••• rewrlttoa •• 
(9) 
· di• ,-a.go of tlui1 val~•• .Wied. 
Tu accuracy of -..uon 9 ••• clutoked by •••\ffl'linl val••• tor 
G Ml4 B ancl solviaa for T. Tae ealnta.tect •al• of T wae t!Mta eom,a••• 
wHa tile value of T blfliMt•d la Fiav•• 10 UIA 11. Table 3 ladicat•• 

J'ipre 12 .. B.elaltoa1Mp tt••--•••• •• ••U• of 1•am.• of C&l'ba to•• 
rate of Bow la 1aUn• pe• mla\lte. a.t A. 68 iatciropt• ef Uae ••""•• 
Uf• cu••• 
G , gm/gpm. 
55 
4Q.__ __ __._ __ --1-___ _.__ _ -J 




'fable 3. T caleulaleti fi-om 14,utioa 9 va,. T iadicated in Fi1ur•• lt 
&adU .. 






















ltct•t.to• 9 waa M'fflopea lor Teet& 1 dlroap 7 and. thareitere caa 
ue ..,.tied ollly to aa opera.Una eyde coul•tina of a J .. O•mi••• oa 
pe~iod followed by a •• 0-miaute off ,erlfMl. Tk• equtioa l• al•• r•• 
•uicte4 to fllte•• u•iJia th• •am• ttualltJ el activated eul>oa aa uffd ia 
ihi• atudy. 
Decb.loriaalia& capad.&f 
Th• d.•chloriaaU., capacity of dle aeth·a&..t e&l'boa ftlt~u• uaed ia 
Te,t 6 wrH 0:alcw.atecl f••m the iaformatln at•• ta J"ip.1'• 11. Tao ••r-
vlce Uf• of eatcl tilter ..,. 40 kov• wun a coaceatratioa of. o .. 10 ma/ l 
Gt cldoda• waa hi •• filter eifluat.. Sil'MUt •• rate ot flow wa• l. O 
om, di• total q.uad.ty .i tnatecl water wa1 J, ffO 1•Uoae. 
The co.t of ••las •w::il a fUier ••• ealcui.te4 aaaumlna tkt lhe tu .. 
i.r i• uao4 to 4•cla1o•iuk only that 1uaaUty of w&tel' wluc:h la u•e4 for 
d•budnl amt cooldn1. A :family of fou JHtl'IOld 4<1ea aot orc:UaarUy ..:oa• 
••=• more Ulaa tea 1.U.U of water per clay. TIM !, 400 1all••• of water 
11 
-'Hlllerlaatea lty filter f, ceud ilave •••"" a family of fo•r tor M&l'lJ 
250 day•• ol' a.bout •&all& metaa. TIMD co•t of t.ae replaeeahl• filter 
cal"h'idl• i• aiM,u.t $10.N. Ta. ce•t of water ••etl lo• clrinkiaa ua4 
COGki.._ wo\d4 amoWlt to •li&bUy more Ulaa $1. OQ per momll .. 
The for«aohl& aauy•f.• ••• baa-4 on a p&Ue•• ol oJMralioa en• 
eletuq of. a l. 0-mhnlM u period followed by a ,. O•mia•t• off period. 
1'1'••• uo iatl1calioaa tu.I a 1••••• reat peried wW b1•••••• the eervio• 
Ute of the liUer. Tu••"•• the t1. N pel' moath nave is eomewbM 
luper .thaa would \Mt • .,..ted \Dl'Clel' aormal ope:raMaa con4ltioas. 
II 
IN1'BJlP&ET.A TlOM OF U:St.JLTI 
Aaaly•l• of Service-LU• c..., •• 
Acc•rdlnt to tu Ctatt•• la Ftau.-e• 10 aa4 11, ... AGCOl'4iq to 
Efl•Uoa 9. ""'<lecl' .... ia th• all1Uty ol acUYatetl caraoa to adMrb 
chlodae doe• aot vaa,y lla•uly widl 11••· Aa •~Uoa oi tb• e•rv• 
fo• T•• "l •lM>w• Uau ih4 tt0Meab'atie11 ol dd.eriae 1a the filter efilaeat, 
It, b!u:••••d fl'em o. 10 le i. lO ma, l ia I ~•• ·ne lact'ea•• in E 
fr01a 0.10 to O.lO mail occurl'eci ia 1J lieu••• Tll• 1-,er tile filter wae 
la open.ti•• tll• 1••• t.M cblertao coaeuu-.tioa lllc••U«i pelt how:. 
'l"M• •••iatioa ia alo•iu ••mo.al •• tirM cawt •• •xplalaec:l lay 
tile L&qmut• hJPOtbe-1• II). Aecordi-. to 1AJll&m111ir ta• nu of Mtao.-p• 
Uoa 1• proporUoul to •• fz•aeU.. ol U. -.arlace &rea avaU.e.lne I.or Mi• 
•rptkta aa4 the coaceavattoa ot the adMrt.ale. la *• ehMly dle coa• 
eeatl'atioa of the a.d.aorMta wa• l&eld coa--.at at J. 0 m1i l, 'I'ller•foro. 
the rat• at which Ill• culloa 1u.dae•• were eovel"e4 .,.wd have varied 
4b-eclly wltll time and .. r.tucllon ta •• -..••tr of th• caraoa •• re; ... 
mo•• ta• &4-.rttau •llouW al•• llav• 1-eea prope.Uoaal to time. ••hffliaa 
• eea.-m Aow la Na ... aol f.-• io It• lb• uae.. Ali• 
.._,. e,cpl...Uoa 1• aeeded. A ,.,,.....,cal ., ...... for the obaerved v••-
iati.oa la decblo?taaU.111 ..,.ac1.,. 11 1tftll la Uae Wlcnriaa ucUoa. 
Meorpdaau.dA•••.-.U.• 
la a cll•cu•-1oa ol ••iCM.Ja Ml•oq,Uoa th•••i••• Ha•al•• (4) mad• the 
•tatam•t• 11.AdaorpUoa i• prtmuily a au.nu• plleaemaoa. l,u.t tt 1a 
eltea accompaat4Jd by • , .. ,-r peutra&loa of. the -.o• •• aolute lalo 
die "41 of die aolld ....._._ TIIMi , ...... p...an.tJ.oa ia akia to 1lle 
fo•.mauoa of a ••lid aoltdu,a a.ad ta c.•m,. uao..,uoa ..... u i1 •el-
•• pncUcable to 41...,.o.ia •••l'ly IMhN• •1or,U011 •• u..., ... 
'fill• pe•u•~• •• ab .. tptioa, of a. Ml•••• .ialo Ille IMMly of 
die a4aol'IMa& may •xplal• th• •••ulta ot,t&lMtl ia dll• etwty. SJ.ace die 
ladhid-1 cawboa putt.i.e u• ponu. tile•• ue . .._,, 1aae,.uuaa ,a•• 
..,..,.,. WW.cit. coul.tl allow a. cW...riu, oe&• it Ml IMa adeol"IN4. to 
-.lll'&M iato tlt.e cawlloa ,-l'llcle and a.a make mo•• ...-1••• ••• avail• 
altl• f•• aclaorpUoa of -. ... clllorl.ae,. ·· 
0a •• ••• of .._ &'tltlOrpli,oa Jlypodl8•1•, it cu be ...,. dial 
, U.e &JP• et. ••.,•tee•llf• nrve otttala• la .._. ._., •• to lMI e-,.clecl. 
HJJOa.Ucal Sewtee-Ufe C•l'Y•• 
Tile cvv•• ill FlaW• 13 )lave ..._ demopM .. the -... of IN 
&fcJre..-oaed &d.ae..,....abN.,,U.. 11.,,.-.1111. TM 01'4la&w la I'll• 
ur• 1'l ••pr••••• c:bloriae COD&eatwatloa. The .._llA repl"e8eMI 
U.e. TM •cale• for .a.. cu••• alulwa an Ml -.....u, •• --•• eo 
ao uita &l'e ahowa. TM odl.-. u4 dltt a1t1ciN& ••• pl.OUM •• arith• 
.. uc IC&le•. A •••crifll• of ._ fov eun•• la Flp•• 1J 1, alvea M• 
CA a--,l'e .. ata a. clllo•iM eoae•ava.daa .,.UM to llae filler. 
TM• ,ue.au,, la coaa1oft4 • be a eoaetaat ....._..\II a. •••vlc••ll~• 
i.et .- 11 the•ef•r• .._••a_ .. ,.._ ·11ostaoatal UM. 
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Ga ,.,.... .... ta. ........ att.oa et chled•• diat oa M l'emefltl 
t,y die -..-.a . _• •~ d•upltv• capacity •f the carltu pani.t.e, .. 
'Ila• .,. ... opacity l• •••umad te ee a fwacd.oa ealy of Ill• Pl'lace 
•• of di• carbon pu'&icl••• It ia ,_,,._. ... •••med that ••• T efl-1• 
••••• ••• ia j_. --.ffici••t •vf&a• ••• to remeve all of the chlol'tM 
111M ,, appll.-4 .. ftu 11, CD• CA .. Al au us& ta.tam, a pol'tlen of the 
cul:loa ..... ,. OGCupi .. by MMl'ilM chl.orlae .. tb&t •,aface ..... " 
occopled l• aoi avallaWe fer doclwl•iutioa.. The •••Ulf c0 i• •IMl•tMt. 
liac.• tile flaM..UMi• al cldoria• applied, CA, la c---.ac, tile rate at 
wMch <:0 dimla11hee will aleo b• a coa,._.. Tllel'elol'e• GD will de• 
er .... UMa•lJ wlda T. 
Ga NP•••utt the ...-ny of ca•lMMl tufa•• ••• thal hu lMea 
eov•Nd 1'ldl elaloriu lt.t ,.._ he.a r•••.,.•efl d• le the alleez,pdoa 01 
tltat .WoriM 1ato tile miu,e pa•Ml•war• leadiq iato t.ae illlerior of the 
-.nea particle. When T -.w• NJ'o, ao clll••lu i• avallaaJ.• lo• ••· 
Mqalioa. Al••• ao ca.rtaa auface •• be r•clai.m4kl au c.B • o. Mo ... 
.... iu.r. -·· cl) -· decl'N ... ............ ,. chlol'iM ......... .. 
Mt'l»N, ddodu i• avai.lable for alit.Nrptien ad die abeorpUon ,l.owly ••• 
at••• Whea Cl) ha• d.ec,eaae4 ..-c1eady to allow• t>w.JA q ot ehloriae 
oa dle cut.on partlclea, dle nte of MMl'ptiea GI chlol'iae iael'•••••• 
T" l'&M of •••orpiioa •..U.•• -. tacr-..M \iDti1 • m&am\lm rate ie 
at~. The m.aaimum sate_ d.epeacl• oa etdi.er '1ae ceue11uatioa of ehlo• 
risw appli.M, CA, ol' oa u,,. quallt;J of •• carboa. wlli.cliev•r i.1 criti<:al. 
]t. CA .. ccD ,j c., uo, 
Wllea thit ~acdoa i• p.dorm-4 1raplucally, die r••w.taat C'Uve ia 
aa iadicate4 la nave lj, Thi• cliff•• i.ndiealed ltJ th• 1en.r lt, riMa 
rel.ati.-ely llluply a.I ~ir-. and QOJdlau• to i"iH at a deereutq ~••• 
Thia dec••••DI rate et iMreaH i• a chawactcl"iMlc oft.he Hi-vtce-Ufe 
cv••• wlllch .. _.. 6owa la i'11u•• 10 and 11 .. 
ft• diffel'al alopd obia11utd from ti,.e 4Ufcl'er4 oft-011 patten• of 
••-111.a 1a W• •tay may alto be curplai.M4 by tu dffl'ftioa• 
.......... llypoU.-1•- AIIUIOl'pUoa ii a.et ... ~tam:•••eu• l'eMtioa •• 
.... ..,._ u Wleved to itc. Sdftclea& reutloa dmo ii •••••ry 1tefor• 
die .Ueet of alttM>r,Uoa 1• alpificaa&. 
la 6- .. nice•U.fe ••••• the r.actia lime la a fuaetioa ol Ibo oU 
II.me. la 'telli I tu off time wa• -a\l&l to oae•balf ef die oa Ume.. la 
T••• 1 tuoqlt 1, U.. oft Ume waa -.ui to twice &he oa time. Tile ••-
face u.a mue avaU&W.• 11-y &J>•orptloa wa•• tael'efore, of l••• elpUt .. 
•--• Ml Tes& 8 tua 1a •• other ••'•• Aa a l'ea.lt, the coaceatratioa 
of .Woriu ia a. elflueal from filler i hlcrea•e4 at a more l'&pic.i rale 
- 411l ._ chlo•lae coac•atration ia U.. efO.uat f1>om the other filter•. 
Tlda combiaadoa MMl'pt1o&•allffl'piloa tlae•ry u.a be, &»-t•aded to 
predict tb• realilta '8at ml&ht »e ebtalud wh.a a. off time 1• iacreued 
to &ppl"o&clt. the off u-.• tllat wo.W be Rco•te•fMI la • dome1tic water 
nppiy. 
ti'!,f'}a.e loJa&el' the tilter i• ahul .a. the mo.re lime la available for: ••• 
aorpdoa Stace ab•r,Uo• make• more aurface ••ea availa.ble for ad· 
aerpUen. the dedllortutiaa capa«at&y of the filter iacre&Ma. Th«u·idore, 
iacl'ttaaed abut-oft tlm• .W in,r•aN ell• "••lce•1Ue ei tlae ftl&er. 
It may 1M po•ai't.1•• for a time. te l'ftAlatala a coaetaat •el•• of 
dll•riu coaceatratlon la a. fllt•• emu.-., TW• wetdd occUJ" -.. •• 
•aN at 'llldcb, clllorlu i• Offrbo4 mw i'A• cuboa panlcl•• j'ald -.u.1e 
die tale at which. ellwiu·m• l• MitJol'ud oa •• •u«aee of Uw.putioJ.et .. 
T!ul cncu.t•aticm r,f cbloriu in t~ tilter efGueat would remain cea .... ,
iJ.' . 
u.U1 -.. 61>•onia1 PGW•• of the car-. particle• a,proadl-1 •wratl••· 
Tll• •at• of abeorpUoa would Uiea decl'e&•• an4 th coac•nt•atioa la• 
••••••. fie iacreue would be at a fe.••r 11ate aft.I' .. turatloa tau it 
61 
'fM ollJ•ct o! Uue ._.,. wa• te determlae die aei-viee llle of an 
actln&ed ._..bea tilter wlte• llaM to dechloa-iaato a ~1 wat•• •upply. 
A pU• plua waa •••••hl•d la die lPOl'ator, to •lrnw.ate tile op•r&Ufll 
c..Utlou to wbich a fUt•r would be hbjec~ 
la ol'cler t.o obtala rep•oduclble l"••w.t•. a ddialte patten of ~-
era.do• wa• •••d in Mv• dWorent •••••· Fer eomparlaoa. aa eiptb 
te•t ,... ,run,. ••aa a diUernt patten of eperation. The coacentratlon 
of chlorine la di• filter hlftll•t wa• he.le con.-.. la all t••••· Tile rate 
of flow,.... held cod..,.•~•• eaell •••• 1tm wa• Y&l'ied ~- teat•• 
hnic••life cuv•• we•• determiaed by auia&9tU1q the cllloriae 
eoae.-nliea in the fUMI' •ffl••• &DA plo.ttia, tut d!dol'lu coa•eatratioa 
apiaM dmew l'~om theN c•"••• u eapr•••ioa fal' dJ.e •••vie• life. 
T, we• UMr,atnfiN! ia ••••• of the .-u-,. of caitbon 4tv14e4 by tu rase 
of Aew, G, and Ule ehlol'tu coae•nu-atioa in &e IUter effldBt. E. The 
exp.-•••• for Ms-vice We ia 
T • Off (lO)l.lE 19) 
••r• .. T te mea•vecl la llo\t.ra, G le ~• la ll'am• of eal'bea per 
't&t• of flow la a,m. &ad. E i• moa.-ea la ma/ 1, TM• -autioB for •••-
vice lUc le r••t•i•i.d • filter• •••tt.na oa • p&dewa couiattaa et a 
J. o ... ea period foUewe4 by a 4. O•wd.aui• off period,. 
Tlte oper&tlal ku a delw&e eif••• oa dw ael'vic:e Ute ot a 
.tUt•r. Loaa•r r•• period.• alve more Ua• tor the cuboa particle• to 
abte•b tlle dltol'iae amt It.nee maM .Wtti.oaal hl'iace &l'U a.vaUaW• fol' 
......... lt ha••• •-· bow a4-.,qu.a _. •••..,UO. worit to• 
...... to atve Ula t}1M ef. .... v1 .... w ....... olaMiud 1a Ille .......... .., ....... 
ft• coll of 4e41..-taaU• wat•t' to be u"4 t.o~ cooJdal ad drillld81 
wa• .al~ •• 1••• dlaA $1. 00 per month for a family of lov pu••• 
WJMta 4"r patteru ia ........,.. •m•atlc ••m••• ar• h•p•aed oa tb• 
811ft. •• Nrriet• Ufa wUl n baeNAIM .... "'- CO.- of uclllol'iaatlo• 
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CaJ.4.taUoa of U.. ...,.aiio• .. • .. •••.UBI su ••rvico•W• dala from 
T••• I la eowa below. Th• m.abod 11Md ••• •• calcvlatiea 1• Ula mocll• 
t1e4 metltod ol loal 9f1U.I'•• meldlou4 u paae 51. la Uu• calclllUloa. 
E .,.. T, •• u•• lhl'Gll&Mlll tlue atwif, ••• iadleat.-4 •1 x .- 1 tY. ••• 
.,_uvely. fte ••am-- ect\'Ullloa ta of U.. tel'm y •,mx +a••"••¥ m 
l• the idepo of the Ua• M.cl a i• die ial4tl"c9Pl.. "l1M &llmiter .t calN••••• 
tioM l• iadlcal4NA by UMI lethal' a. 
Cl:) (T) (Lo11t T) 
It 10, y 
1 0.03 3G.O 1.,,1 a o.o, 36.0 1.55' s o.o, .,.o 1.613 • 0*13 ..... 1.616 
I o. 1'6 11.,5 1.7l0 
6 e .. 11 H.,G 1.1,, 
1 1.11 .... 1.110 
I c.a, 11.0 1.1,1 
' o .. u 19 O 1 ... ,. 10 o.a, aa.o 1 .. ,1, 11 O.ll 16.0 J.9M 
11 o.z, 89.9 1 ,., 
lJ o.JO 91.0 1,991 ............ 
Toaau I.SJ ll .. 186 
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